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Despite these limitations, our findings illustrate the accu-
racy of aortic aneurysm diameter measurements in post-
EVAR US surveillance, when performed by certified vascular
technologists in an accredited vascular laboratory and accord-
ing to a carefully devised and standardized US protocol, as
described in Methods. Although the high variability suggests
that one cannot use US imaging and conventional CT mea-
surements interchangeably, consistent use of an US protocol
will likely provide aortic diameter measurements that are of
equal or superior reliability to the current CT measurements
in post-EVAR patients. Specifically, the major axis measure-
ment by US imaging appears to be the more accurate estima-
tion of the aortic diameter, as reflected by the 3-D CT mea-
surements. Further investigations on standardization of US
surveillance protocol may demonstrate improved accuracy of
US imaging.
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Dr Niren Angle (San Diego, Calif). Members and invited
guests of the Western Vascular Society. It is my privilege to be
invited to discuss a paper at this meeting and, moreover, to
discuss a very interesting paper such as the one that was just
presented. The USC [University of Southern California] groupaortic aneurysm diameter is best correlated with centerline
measurement of diameter on 3-D [three-dimensional] CT
[computed tomography] reconstruction. In doing so, they have
offered up a thesis, which at least intuitively, creates cognitive
dissonance in my troubled mind but is certainly supported by
the data that they present.
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ment of aneurysm diameter on axial CT is subject to much
variability and error depending on the fastidiousness of the
examiner and the plane in which the aorta is measured (ie,
elliptical vs straight line). In this regard, centerline measure-
ments are probably more accurate, as has been shown, but even
that current belief is likely to be tempered in the future. That
notwithstanding, the authors then compared ultrasound, stan-
dard axial CT, and M2S centerline measurements of aortic
diameter to determine their correlation and also the variability
of these measurements.
To examine this, two methods were used—linear regression
and correlation, and also Bland-Altman plots. It is very useful
that both these measures were used because there are limits to
each method.
Correlation coefficient is a measure of the degree of associ-
ation between two quantities; it does not measure how closely
they agree, its use in comparing two methods that purport to
measure the same thing is inappropriate, and quoting P values in
such circumstances is meaningless. The Bland-Altman plot,
which is so commonly used now in medical literature for
comparative statistics, with over 10,000 citations in papers,
provides a quantitative measure of how close the measurements
are to each other.
The conclusion here appears to be that: (1) Using center-
line major as the standard to measure by, measurement of the
aortic diameter by ultrasound in the major axis is the best
correlated with the least mean difference. (2) Measurement of
aortic diameter in the minor axis on ultrasound had good
correlation, but the mean difference in measurements was 5.38
mm in the Bland-Altman plot. (3) Axial CT measurements in
the minor axis also had a mean difference of 4.25 mm.
Ultrasound is a very operator-dependent technique, and as
such, it is difficult to understand that one can hope to obtain this
degree of precision vs a CT scan, where although there may be
variability in the measurement of the image cuts, ultrasound
may have variability in the images obtained as well as the
measurement. Also, the quality of the image and resolution is
also dependent on many factors.
To what degree are these data only reliable at USC because
of vascular technologists that have presumably honed the art of
aortic ultrasound? I suspect that the interobserver variability, if
the universe of ultrasound examiners was expanded beyond the
ones in this study, would be much much larger than with CT
scan assessment.
In reference to the Bland-Altman plots, the mean difference
between CT centerline vs CT minor was 4.25 mm, whereas CT
centerline vs US minor was 5.38 mm. The difference between
CT centerline and ultrasound major was 0.11 mm. Does this
mean that the axial CT is more accurate than is ultrasound
measurement in the minor axis?
The minor axis measurement on CT is more accurate than
major axis measurement and this is accepted. Why does the same
principle not hold true for ultrasound major versus minor axis?
How much faith is one to have that the ultrasound technol-
ogist is reliably able to image the aorta perpendicular to blood
flow, as this appears to be the requisite condition for this
assessment to be valid? How does one confirm this?
In the comparison of centerline flow to ultrasound in the
major axis, the mean difference between 2 measurements was
0.11 mm but the standard deviation collectively was 4.26 mm.
Can you comment on this? Does the agreement between 2
measurements become less precise with different sizes of the
aorta? Because if the mean difference between measurements is
0.11 mm, and this was maintained over a range of samples, why
is the standard deviation so much larger, in contrast to the other
comparisons?
I want to congratulate Dr Han and his colleagues and Dr
Weaver for a very thought-provoking paper and for a very well
written manuscript. I drank a few martinis learning the subtle-ties of the Bland-Altman analysis, and I feel like I know them
personally. All I can say is that I am glad I am a vascular surgeon.
I must say, however, unless the USC group gets a big RV to
drive their ultrasound technologists all over Southern California
to do these beautiful studies, it will be hard for me to be pulled
away from the CT scanner as my test of choice for pre- and post-
EVAR. Thank you again for the privilege and my congratula-
tions to the authors.
Dr Sukgu M. Han. To what degree are these data only
reliable at USC because of vascular technologists that have
presumably honed the art of aortic ultrasound? I suspect that
the interobserver variability, if the universe of ultrasound exam-
iners was expanded beyond the ones in this study, would be
much much larger than with CT scan assessment.
I think that is always a concern when it comes to any
measurements that are done on US. I think if one were to pool
all the US technologists in the world together, the variability
would indeed be much larger, but that variability would prob-
ably come from the heterogenous nature of individual institu-
tional protocols.
Our study and previous institutional studies by others,
including Drs Sprouse, Jaakkola, and Lederle papers published
in JVS, have shown comparable degree of variability within US
measurements to axial CT scans. Therefore, this demonstrates
that establishing a strict US protocol and properly training US
technologists can minimize the variability all the way down to
that of CT scan.
In reference to the Bland-Altman plots, the mean difference
between CT centerline vs CT minor was 4.25 mm whereas CT
centerline vs US minor was 5.38 mm. The difference between
CT centerline and ultrasound major was 0.11 mm. Does this
mean that the axial CT is more accurate than is ultrasound
measurement in the minor axis?
We cannot safely say that because of the degree of variability
and closeness of the mean differences. Another way to look at it
is that the 95% CI [confidence interval] for axial CT and US
minor measurements overlapped, so we cannot say that one is
better than the other.
The minor axis measurement on CT is more accurate than
major axis measurement and this is accepted. Why does the same
principle not hold true for ultrasound major versus minor axis?
Well, that was the question we asked ourselves. No studies
have really compared major vs minor axis measurements on US.
Intuitively, we thought that if our US protocol can correct for
angulation error, then we should be trusting the major axis
measurements the same way that we would for the CT center-
line, and our data strongly support that.
How much faith is one to have that the ultrasound technol-
ogist is reliably able to image the aorta perpendicular to blood
flow, as this appears to be the requisite condition for this
assessment to be valid? How does one confirm this?
After our data, we have a lot of faith in our US technologists
at USC. There are two ways to ensure that this happens. First,
when the aorta is being surveyed with B mode, the technologists
examine the longitudinal images in order to get an idea of
regions of dilatation and angulation. Second, we use color flow
while the probe is being oriented. Because of pulsatile nature of
aortic flow, when the probe is oriented perpendicular to it, we
see a mix of alternating red and blue, compared to when it is
oriented obliquely, we see mainly one predominant color. This,
particularly second maneuver, is not always done, for example in
radiology department US.
In the comparison of centerline flow to ultrasound in the
major axis, the mean difference between 2 measurements was
0.11 mm, but the standard deviation collectively was 4.26 mm.
Can you comment on this? Does the agreement between 2
measurements become less precise with different sizes of the
aorta? Because if the mean difference between measurements is
0.11 mm, and this was maintained over a range of samples, why
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comparisons?
That was our concern as well when we looked at this relatively
large variability, and that is why we performed 95% CI of mean
differences from our gold standard. CI demonstrates that in compar-the lack thereof for US minor and axial CT minor, was a statistically
significant observation. To answer your second question regarding
the effect of increasing aortic size on agreement, we did not perform
graded Bland-Altman plot, so I don’t have a precise answer for you,
but looking at the plot, it appears that the difference dots are scatteredison, the agreement seen between US major and CT centerline, and evenly with increasing size of the aorta.
